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1. INTRODUCTION

A good deal is yet unknown about the actual reaction mechanisms in propulsion
flames. It is becoming increasingly important that such mechanisms are known.
Propellant selection and optimization are dependent upon burning characteristics and the
products formed. Spatially resolved temperature and species profiles in CoHy/Oy/Ar
and Hy/NO, low-pressure flames are needed to better understand the chemistry
occurring in propellant flames and to validate existing chemical flame models in
reference to assumed chemical flame mechanisms and rate constant data that such
models require. While much modeling effort has been expended in an attempt to
understand these processes, many of the reactions involved in these two flames are
believed to be a subset of the more complex network of reactions needed for flame
models that are being developed tc simulate hydrocarbon and composite solid
propellant combustion.

Over the past few decades, there has been significant progress in the study of
the structure of flames. Several laser spectroscopic techniques such as laser-induced
fluorescence (LIF) and multiphoton techniques such as resonance-enhanced
multiphoton ionization (REMPI) have yielded species concentration measurements with
a good degree of selectivity and spatial resolution (Lucht et al. 1983, Alden et al. 1982,
Goldsmith 1983, Eckbreth 1988). These techniques are very attractive because they are
complementary, usually nonintrusive, and offer good sensitivity with detection limits
within sub-ppm levels. Since laser energy can easily be focussed, spatial resolution of
less than 100 microns is easily achieved. However, these techniques do require
specific knowledge of the absorption spectrum of the species of interest. Also required
is knowledge of the emission spectrum for LIF and the electronic states and ionization
potentials for REMPI of each species of interest. While high resolution spectral overlap
with interfering species is usually infrequent for these simple flames, the above
information is also required for any possible interfering species.

Flame temperatures have also been measured by LIF of the OH radical
employing its well-known A st e X 2ﬂi (1,0) band near 281 nm. The OH radical
has been the subject of many studies since it is ubiquitous in most flame systems and
can be modeled spectroscopically. For these measurements, accurate transition
probabilities and quenching rates due to the presence of other species are also required




(Cattolica and Mataga 1991) as well as assuming a local thermal equilibrium is
established so that a Boltzmann energy distribution analysis can be applied.

This report covers temperature profile measurements obtained by inert coated
(Kent 1970) Py/Pt-Rh(10%) thermocouples in C;H4/O/Ar and Hy/NO; low-pressure
flames. Also included are species profiles of O, H, OH, CH3, HCO, NO and NO, in
the respective flames. Comparison of experimental species profiles for the C,Hy/O,/Ar
flame with those generated by computer modelling is also discussed. Model results
required the temperature profile as measured by thermocouple as input so that solutions
of the energy equations would converge.

2. EXPERIMENTAL

The flames were supported on a commercial premix flat burner (Howard et at.
1992) inside a variable pressure chamber as shown in Figure 1. The pressure chamber
consisted of a stainless steel cylinder with an inside nominal diameter of 25 cm and a
height of 40 cm which can be easily evacuated to less than 1 Torr using a 50-cfm direct
drive vacuum pump with the pressure regulated with a baratron pressure gauge and
controller. The burner consisted of a 6-cm diameter sintered stainless steel head with a
surrounding bronze frit through which argon was flowed to form a protective shroud
around the flame. The burner head was mounted on a motorized high-vacuum
feedthrough flange which was coupled with an off-axis rotary feedthrough. The bumer
could be scanned vertically over more than 50 cm of travel with a precision of less than
50 micron and rotated with a precision of less than one half a degree. In addition, the
burner was water cooled to maintain a constant temperature as measured by imbedded
Alumel-Chromel thermocouples.

Under proper gas flow conditions the flame was one-dimensional with respect
to the burner surface. In order to increase the spatial resolution the flame was operated
at reduced pressure. Studies of low-pressure (or suba:mospheric) flames have shown
that the reaction zones expand with minimal distortion as pressure is reduced (Gaydon
and Wolfhard 1949, Salmon and Laurendeau 1987). All of the flames in this report
were operated at 20.0 Torr absolute pressure. Flow rates of C2Hg, O2 and Ar were
0.40, 1.2 and 2.8 standard liters/minute, respectively. Flow rates of H, and NO; were

3.25 and 1.60 standard liters/minute, respectively for total flow rates of approximately
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4.5 liters/minute. The reactant gases were of commercial high-purity grade and were
metered by mass flow controllers (calibrated with a wet test meter) and premixed in the
burner prior to passing through the flat 6-cm diameter sintered stainless steel plug in the
center of the burner surface.

r 1
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Figure 1. hematic of -B nd Therm le Diagnosti
of the Experimental Apparatus,

Figure 1 also shows the schematic for the layout of the laser-based diagnostics.
The excimer-pumped dye laser system equipped with a second harmonic generator
(SHG) provided laser radiation both in the visible and ultraviolet. The pulse duration
was approximately 10 nsec and the line width approximately 0.08 cm'! for the dye laser
and 0.16 cm’! for the SHG. The laser beam was then focussed over the center of the
burner with 50- to 100-cm focal length lenses. Light input to the chamber passed
through Brewster angle windows in order to minimize light scattering. The Brewster
windows also removed amplified stimulated emission (ASE) from the laser.

Laser-induced fluorescence was collected orthogonally to the excitation laser
beam and focussed with a 300-mm focal length lens onto the image plane of the
photomultiplier after passing an appropriate interference filter. The signal was then fed




into a boxcar integrator set for a 9-nsec gate (the short gate minimized the effect of
collisional quenching and/or energy transfer of the rotationally excited states) and
plotted on a strip-chart recorder or fed to a digital oscilloscope (500 MHz) and PC-type
computer for recording. All LIF signals were obtained in the unsaturated regime,
therefore, the laser probe energy was monitored by a photodiode and the resulting
signal used to normalize the LIF signal.

The REMPI signal was collected by the optogalvanic probe as shown in Figure
2. It consisted of a 0.5-mm diameter platinum rod encased in a fused alumina tube for
electrical insulation. One end of the rod was exposed to the flame in order to obtain
signal. The focussed laser beam passed just below the exposed tip and would produce
ions as the laser was scanned over the appropriate resonance wavelength. The charge
was then detected as a voltage pulse across a 10 kQQ resistor connected between the
probe and the negative bias voltage source (the anode for the circuit is the grounded
burner). The resulting voltage pulses averaging a 15-is decay lifetime were then
amplified with a differential amplifier prior to processing by the boxcar integrator.
Flame micophonics were minimized with bandpass (10 KHz to 1 MHz) filtering. The
signal was then processed in like manner as the LIF signal.

Also-essential to the operation of the REMPI probe was a low noise, low drift
high-voltage power supply. To this end, a custom filter was added to a standard high-
voltage power supply customarily used to supply photomultipliers. The filter consisted
of a LC circuit as shown in Figure 3. The inducter was 10 Henry and each capacitor
was 50 uFarad. This filter adequately smoothed any ripple and/or drift from the power

supply.

Thermocouples were employed to obtain high quality, good resolution flame
temperature profiles. The thermocouple consisted of 125-micron diameter
platinum/platinum- 10% rhodium wires spot welded together to form a junction and
coated with a noncatalytic beryllium/yttrium oxide mixture (Kent 1970). As shown in
Figure 4 the thermocouple wire was then spot welded to the opposing arms of a V-
shaped probe, one arm of which was spring loaded to remove sag as the wire length
changed with temperature. The thermocouple was also corrected for radiation loss by
using a measured diameter of 190-micron for the coated thermocouple junction and 0.6
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Figure 3. Schematic of REMPI Probe Bias Filter.
for the emissivity (Peterson 1981). Comparison with OH rotational LIF temperature

measurements indicates an uncertainty of less than 50 K in the region of peak
temperatures.




Thermocouple
Junction

/

Vacuum
Feedthrough

Digital Meter

Figure 4. hemati 1

3. RESULTS AND DISCUSSION

3.1  Hydrocarbon Flames. Hydrocarbon skeletons provide the backbone for
many of the fuels and propellants in use today. A discussion of propellant flames
should therefore commence with discussion of the oxidation of hydrocarbons and the
resulting heat and product formation.

3.1.1 Temperature Measurements. As mentioned in the Experimental Section,
the thermocouples were corrected for radiation loss. Temperature cosrection from
radiation loss by the thermocouple junction was approximated by equating the heat
transferred to the thermocouple from the gases to that lost by radiation. The corrective
term is given by (Hayhurst and Kittelson 1977, Peterson 1981)

AT = Tcal - Tobs = eod(Tobs4 - T04)/2k (1)




where € is the emissivity of the coated thermocouple [taken to be 0.6 (Peterson 1981)},
G is the Stefan-Boltzmann constant, d is the diameter of the coated junction, Ty is
approximately 300 K and k is the thermal conductivity of the gases present at the
sampling region. This value was approximated with values for air since the correct
proportions of gaseous reactants and products for a given temperature measurement
were not known. Once the stable and transient species profiles are obtained a better
approximation can be made. The uncertainty in temperature measurements was
estimated to be 50 K in the region of peak temperature and 10 K in the preheat region.

Temperature measurements were also made by OH rotational spectroscopy. As
this method is more time consuming than measurement by thermocouple, only spot
checks by this method were made so as to compare results by the two methods. A
rotational excitation spectrum of OH was obtained as shown in Figure 5. The spectrum
corresponds to the excitation scheme in Table 1. The (1,0) band was chosen over the

0.13 4
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= 005
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Wavelength (nm)
Figure 5. i i
2g* - X ’I) (1,0) Band Near 281 nm for the C,H,/O,/Ar
Flame at 20 Torr.
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Table 1. Detection Schemes Employed for Species Profiling (LIF and REMPI)

Excitation Emission

Species Wavelength Transition Wavelength [ransition
OH 281 nm At X)) (1,00 313mm (1,1) band
o) 225.6 nm 2p33p 3P « 2p*3p 8447nm  2p>3p3P - 3s3s
H 243 nm 2s « 1s N/A (2+1) REMPI
CH;  333mm 3p2 Ay X2 A, N/A (2+1) REMPI
HCO  397nm 3p AUA") « X2TIA) NA (2+1) REMPI
NO, 450 nm A? Bjor B2 By « X2 A; 540 nm Unknown

NO 453 nm A « X2 (0,0) N/A (2+2) REMPI

stronger (0,0) band near 306 nm in order to minimize self absorption. Intensity
relationships can be distorted by self absorption and a thermal equilibrium might not be
established. Temperatures within the laser focus then would not reflect the temperature
of the surrounding gases.

The fluorescence intensity of several rotational lines as a function of laser
energy indicated that the laser power was sufficiently attenuated for the one-photon
process and that the experiments were operated in the unsaturated regime. This
particular spectrum was taken near 6 mm in a stoichiometric CoH4/Oo/Ar flame (see
Figure 6 for temperature profile). Superimposed on the experimental data is a
simulation of the corresponding LIF excitation spectrum. It is a result of fitting the
experimental LIF spectrum with a spectral simulation based on a Boltzmann rotational
energy distribution using multi-variable analysis (Anderson et al. 1982) of the observed
spectra and known trans:tion probabilities (Dimphl and Kinsey 1979) and molecular
energy levels (Dieke and Crosswhite 1962). Other program variables include
temperature, laser width, line position and pulse shape. Both Lorentzian and Gaussian
functions were used to represent the laser line shape. As shown in Figure 6, the
different line shapes change the simulation temperature by about 50 K with the
Lorentzian function always producing the larger temperature. For the particular
spectrum in Figure 5, the fitted spectrum is nearly identical with the experimental data.
At this point the simulated fit indicates a rotational temperature of 1540 +50 K which
compares to 1550 £20 K as measured by thermocouple. While the OH LIF

8




measurements agree well with the thermocouple measurements below 1800 K the
comparison is more rough at higher temperatures. This difference is in part due to the
fact that the OH LIF data were not corrected for the detector response (combined
response of the intereference filter and the photomultiplier).

2200 -
2000 -
1800 -
1600
1400 -

1200 = ¢ thermocouple
B OH LIF Lorentzian
1000 A OH LIF Gaussian
800 -

600 -
400 -
200 -

O-WWWW
O 5 10 15 20 25 30 35 40 45 50 °

Temperature (K)

Distance Above Burmer (mm)

Figure 6. Temperature Profiles of Stoichiometric C>H,/Qo/Ar Flame
at 20 Torr.

In additior. to the comparison in Figure 6 of the thermocouple data with that
obtained by OH LIF rotational spectroscopy, the higher resolution thermocouple data
begin to give indications of the flame structure in this flame. Firstly, the flame just
above the burner surface is hotter (600 K) than the burner as indicated by imbedded
thermocouples (320 K). The temperature difference can be due to several variables that
include low thermal conductivity of the sintered frit and a small to moderate degree of
stabilization of the flame by the burner. The region of large thermal gradient from 0 to
5 mm is indicative of the preheat region. From here to the region of maximum
temperature is contained the reactive zone. It is also delineated by the zone of visibly
radiating species (luminous zone). Above the region of maximum temperature is the




burnt gas region. Reactions are nearing completion and again the flame is nonradiative
in the visible. A slight decrease in temperature is noted in this region. It is essentially
due to radiative losses from the flame. If the profile decreased rapidly, turbulance and
mixing of gases cooled by contact with the chamber walls would be indicated. Such a
decrease would therefore be indicative of loss of one-dimensionality in the flame.
However, the profile decreases evenly and slowly and thereby it is inferred that the
flame is one-dimensional to well above S0 mm above the bumner surface.

3.1.2 Spectroscopic Profile Measurements. The different optical
spectroscopic diagnostics used are given in Table 1. The relative (normalized to unity)
concentration profiles were obtained by monitoring the intensities of rotational
transitions relatively insensitive to temperature variations. These transitions were
calculated by the following relation (Eckbreth 1988):

12 +7 - (kp/hcB,)T,, =0 2)

where J is the rotational level, kg, h, ¢, B, are spectroscopic constants and T, the
average flame temperature. For example, it was determined that for OH LIF that both
the J = 6.5 and 7.5 lines of the R branch of the (0,1) transition could be monitored
and found to give equivalent results and for O-atom LIF, the J = 2 excitation line of the
ground state could be monitored.

In conjunction with the experimental profiles, the Sandia National Laboratory
premix laminar flow flame codes (Kee et al. 1985) have been utilized to model the
C,Hy/Oy/Ar low-pressure flame in order to better understand the detailed chemistry.
The mechanism employed in the following simulations is that of Miller and Bowman
(Miller and Bowman 1989). The model was operated in the burner-stabilized flame
mode with the experimental temperature profile in Figure 6 as input to the calculation.
The resulting concentration profiles, normalized to unity, are presented with the
experimental data (also normalized to unity) in Figures 7 and 8. Comparison between
the experimental and calculated profiles shows several profiles that agree well. Of
these, O-atom shows the best agreement through the preheat and reactive zones. The
OH profiles, while the model is delayed relative to the experimental, agree in the shape
and even the small peak occurring at less than 5 mm.

10
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The feature in the OH profile may be attributed to competition between the high
temperature formation of OH via the following chain-branching reactions, '

H+0, -5 0+O0H 3
and

O+H; »>H+OH 4)
with the three body reactions of

H+Oy+M—->HO,+M (5)
and

HO, +H+M -5 20H+M 6)

which are favored at lower temperature (Warnatz 1978).

There is some discrepancy in the burnt gas region of the O-atom profile and its
corresponding simulation. The O-atom LIF (2-photon) profile was determined under
high photon flux conditions so as to minimize quenching effects. However, high

11




photon flux may lead to photochemical perturbation of the sampled volume. In
addition, it is possible that O-atom LIF results in this region may have been affected by
a recently recognized phenomenon that is specific to three-level systems such as O-atom
two-photon LIF, namely, amplified spontaneous emission (ASE) (Alden et al. 1989).
In this situation, a population inversion can be created between the two-photon pumped
2p3 3p p upper state and the lower 3s 33 state to which it fluoresces such that the:
normal LIF signal will be depleted in favor of ASE signal which will be emitted along
the direction of the incident laser beam and not collected by the detector. The ASE
potential problem should be a function of total O-atom population as well as of laser
pump energy, which would argue that it would be greater in the flame zone region
(where O-atom concentrations are highest) rather than in the preheat region. This is
what is observed at distances greater than 12 mm.

Methyl radical may be generated by the following reactions (Vandooren et al.
1986, Hucknall 1985):

C2H4 +OH - H2CO + CH3 (7)
CHy + O - H+ CH30 (8)
C,H, + O — CHj + HCO )

where C,H30 may decompose to CH3 and CO, or further react with O to yield CH3
and CO,. The existance of HCO in this flame, as shown in Figure 8, suggests that
Reaction 8 plays little, if any, role in the formation of CH; radicals in the above
mechanism. Reaction 9 implies a simultaneous formation of the HCO and CHj radicals

and is not consistent with our results which stiow that the HCO is formed subsequent
to the CHj radical. The delayed peaking in the radicals in Figure 8 can be explained by

Reaction 7 which is known to occur at low temperatures followed by formation of
HCO by (Vandooren et al. 1986),

CH3 +0-> H2CO +H (10)
and

H,CO + R — HCO + RH (11)

12
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Figure 8.  Theoretical and Experimental HCO and CHs Profiles of
&mmmmg&z&&mang_.m

where R is O, H, or OH. However, at temperatures below 600-700 K and pressures
above a few Torr, it has been shown (Tully 1988) that the addition reaction of OH to
ethylene followed by adduct stabilization,

C,H, + OH - C,H,0H" - C,H,0H+M , (12)
dominates over Reaction 7. However, at higher temperatures the reaction

C,Hy + OH — C;Hj3 + HyO (13)

is important (Baldwin and Walker 1980). C;Hj can further react with O, to form
H,CO and HCO (Slagle et al. 1984). It is this reaction as well as Reaction 7 that
provides an efficient route for HCO formation.

Further discrepancy with the model is observed in that the model profiles of
HCO and CHj are delayed relative to the experimental results (see Figure 8). While the
difference is only about 1 mm for HCO, the CHj profiles are separated by more than 3
mm. For reactions occurring in the preheat region where the thermal gradients are not

13




that large, a difference of 3 mm is significant. It is likely that these differences can
explain part of the later discrepancies with the OH and H-atom profiles. However, they
can not explain fully the difference between profiles for H-atom. The REMPI
technique for H-atom detection is being further evaluated for possible interferences that

could account for the difference.

3.2  Nitrogen Chemistry. Nitrogen oxides form an important class of
oxidizers that are added to hydrocarbon skeleton backbones to create effective

propellants. One of the simplest flames, from a chemical standpoint, to describe
utilization of nitrogen oxides is the oxidation of hydrogen by nitrogen dioxide forming
nitrogen gas and water vapor. Argon was not added to dilute the flame since the
preheat and luminous zones were sufficiently expanded at 20 Torr for adequate spatial
resolution. At present, modelling efforts have not successfully described the flame and
only the experimental results will be discussed.

3.2.1 Temperature Measurements. Figure 9 contains the temperature profiles
as measured by thermocouple from three flames: (1) fuel rich with @ (defined as the

4H +2NO —> 4H_O+N
2 9) 2 2
1800 = -
1500 - vVey
va000022222zgv v g
. 00,002 ¢ o z Vv
\v P [ ] ® ° M4 ..
—_—~ 1200- v P .. L4
g .
v ¢ b
5 *,® ®=125
- ® =
= 900 Ve o. )
2 . ® =10
v
€ 600- i vV &=0.8
= I:’-
®
3oo-f
0 [ RS R N N SN SR (SN SN NENN NUNEN SR NS SR SRR |

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45

Distance above Burner (mm)

Figure 9. Temperature Profiles of Hy/NO, Flames at 20 Torr.
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ratio of fuel to oxidizer divided by the stoichiometric ratio) of 1.3, (2) stoichiometric
with @ of 1.0 and (3) fuel lean with ® of 0.8. Of the three, the stoichiometric flame
was considered for further study by laser diagnostics. Temperature measurements
were also made with OH LIF. However, the simulated temperatures were all much
higher that those measured by thermocouple. Since the same thermocouple was used
for these measurements as for those successfully obtained and compared with OH
measurements in Section 3.1, it was inferred that that the laser was affecting the local
temperature at the focal point and registering a temperature that is too high. Looking at
the OH excitation spectrum in Figure 10 taken 4.2 mm above the bumer, it is apparent
that the measurement is not as good as for the ethylene/oxygen flame in Section 3.1
even though all operating conditions were the same excepting the flame. Since NO; is
easily photolyzed and is in abundance at this point in the flame (photolysis products
would elevate the local temperature), this result is not completely surprising. Therefore
another laser-based thermometer operating at longer wavelengths (lower photon
energy) would be beneficial for this portion of the flame.

Relative Intensity (arb. units)

v I v ‘r L] T T I | l
221.1 281.2 281.3 2814 281.5 281.6
Wavelength (nm)

Figure 10. Observed and Simulated Spectra of OH in Hy/NQ; Flame
i 1 100 K.

imulation Temperatur:
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It was expected that NO as generated by

NO; +M—->NO+0+M (14)
or by

NO, + R = NO+RO (15)

where R represents H, O, or OH would be abundant in this flame. The longer
wavelength, 453 nm versus 281 nm for OH, should remove some in the perturbation
problems. The detection scheme for NO is given in Table 1 and further elucidated in

Continuum

Energy

Internuclear Distance

Figure 11. Potential Energy Surfaces for REMPI of NO.
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Figure 11. Figure 11 describes the potential energy surfaces accessed in the proposed
REMPI detection. In this technique two photons are absorbed thus promoting the
molecule from the ground state manifold to the corresponding A state. From this
intermediate state, two more photons are rapidly absorbed and an electron is ejected
from the molecule thus forming a positive ion. This process occurs sufficiently fast
that intramolecular transitions do not occur from the intermediate state manifold and the
ion is formed with the original rotational energy signature. This diagnostic gave
reasonable results for the concentration profile and so the same REMPI technique was
tried as a thermometer. Preliminary results at room temperature, as shown in Figure
12, indicated that the technique should be usable. However, once in the flame,
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Z |
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Figure 12. itation

reasonable temperatures were only obtained up to moderate temperatures near 1000 K.
Several suggestions were offerred to account for this behavior. First, as noted in
Figure 13, a portion of Figure 12 near 320 K, as the rotational progression increases,
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the simulated and experimental peaks begin to diverge as to line position. As the

-divergence appears to be monotonic with AJ values, it would appear that the rotational
constants as currently cataloged are not fully correct. As the transitions are not as well-
known as those of OH, it is possible that the simulation does not adequately represent
the experimental spectrum. It is also possible that competing multiphoton processes are
affecting the local flame temperature at the laser focus since room temperature
measurements of NO are quite successfull. Another possibility is that the REMPI
probe affects the probed volume above a threshold temperature. The investigation for a
suitable laser-based thermometer is still underway.

3.2.2 Concentration Praofiles. The two most important nitrogen carriers easily
accessable by laser in this flame are NO and NO,. Their detection and profile
measurement were done using the detection schemes in Table 1. An excitation .
spectrum of NO is shown in Figure 12 (room temperature), a similar LIF profile for
NO, was not generated since it exhibits a broad band emission near 540 nm. For
measurement of NO,, a broad band monochromator replaced the usual interference
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Figure 13. Observed and Simulated REMPI Spectrum for NO in
Ho/NQ» Flame at 20 Torr.
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filter and the emission collected at 540 nm for all measurements. As shown in Figure
14, in the flame NO; is rapidly consumed and is exhausted in the luminous zone near 8
mm above the burner. NO back diffuses to the burner surface, increases to a maximum
in the luminous zone and then rapidly diminishes and achieves low levels prior to 18
mm above the surface. Also implied in the figure is an intimate connection between OH
and NO. Both of the profiles have the same shape and spatial location in the flame.
Such a connection implies that the mechanism for production of NO is likely Reaction
14 rather than Reaction 13. The full mechanism would also need to effectively utilize
NO and OH in the upper limits of the preheat zone and the lower region of the luminous
zone. Of interest would be the concentration profiles of H-atom, O-atom and Hj,
several of which are not not obtainable with the current apparatus using the current
laser-based diagnostics with this flame. Other techniques such as molecular-beam
sampling would be needed to obtain a full survey of major and minor species in the
flame.

Relative Intensity

0O 5 10 15 20 25 30 35 40 45 50

Distance Above Burner (mm)

Figure 14. Species Profiles for OH, NO and NQ, in H,/NO, Flame at
20 Torr.
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4. SUMMARY

A major research facility consisting of a low-pressure burner apparatus has been
constructed at the Ballistic Research Laboratory for the purpose of studying the detailed
flame chemistry relevant to the gaseous flames of burning propellants. Temperature
and species profiles were obtained for C;Hy/Oo/Ar and Hy/NO, flames at 20 Torr. The
temperature profiles were obtained with Pt/Pt-Rh(10%) thermocouples coated with an
inert beryllium/yttrium oxide. OH LIF rotational spectroscopy employing the (A Izt
X 2H‘) (1,0) band near 281 nm was also utilized for temperature measurements. The
temperatures were abstracted from a spectral simulation based on a Boltzmann energy
distribution and compared to those obtained by coated thermocouples. In the case of
the C,H4/Oy/Ar flame, the temperature profile was used as input data for the Sandia
National Laboratories one-dimensional premixed laminar flame code to generate species
profiles. The O, OH, CH3 and HCO species profiles which were obtained
spectroscopically by laser-induced fluorescence and/or resonance-enhanced
multiphoton ionization techniques agree well with those generated by the model. For
the H,/NO, flame, LIF profiles of OH and NO, were obtained as well as a REMPI of
NO. A second thermometry technique for this flame utilizing NO REMPI was
attempted and appears to work only at temperatures below 1000 K .
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